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    Experts assume that average total crude    Experts assume that average total crude--oil oil 

production in Russia is closed to production in Russia is closed to 00,,5 5 billion tons per billion tons per 

yearyear. . ExtractionExtraction, , transportation and processing of transportation and processing of 

big amounts of oil resulted in the contamination of big amounts of oil resulted in the contamination of 

soil in different regions of Russiasoil in different regions of Russia, , specifically of on specifically of on 

vast wetlands territories in West Siberiavast wetlands territories in West Siberia. . Total area Total area 

of sites contaminated with oil and oil products is of sites contaminated with oil and oil products is 

about about 3500 3500 kmkm22  . . North areas North areas biocenosesbiocenoses are affected  are affected 

with many even slight with many even slight technogenictechnogenic influences due to  influences due to 

very short vegetation periodvery short vegetation period. .   



    

Oil industrial complex in Northern EuropeOil industrial complex in Northern Europe   
httphttp://://wwwwww..dataplusdataplus..ruru//ArcrevArcrev//NumberNumber__4141//11__SORTOILSORTOIL..htmlhtml  



    

Oil Contamination in Western SiberiaOil Contamination in Western Siberia  

  The view of oilThe view of oil--
contaminated sitecontaminated site..  

  

  JulyJuly, , 19991999..  



    

BioremediationBioremediation  
ChemicalChemical  

analysisanalysis  

EngineeringEngineering  

techniquestechniques  

BioaugmentationBioaugmentation  
((biopreparationbiopreparation  

based on indigenousbased on indigenous  
microorganismsmicroorganisms))  

Natural attenuationNatural attenuation  

((biostimulationbiostimulation))  

BioaugmentationBioaugmentation  
((biopreparationbiopreparation  
based on effectivebased on effective  
degrader microdegrader micro--  
organismsorganisms))  

Monitoring ofMonitoring of  

bioremediationbioremediation  

processesprocesses  

Oil Oil 

spillsspills  



    

COMPANY             COMPANY                 LOCATIONLOCATION  

  
ПриборсервисПриборсервис    TomskTomsk, , httphttp://://priborservicepriborservice..tomsktomsk..ruru  

ИлмаИлма  ЭкоЭко                  SaintSaint--PetersburgPetersburg, , httphttp://://ilmaecoilmaeco..ruru  

БиоойлБиоойл      NovosibirskNovosibirsk, , httphttp://://wwwwww..biooilbiooil..susu//infoinfo//7070  

СитиСтройСитиСтрой    MoscowMoscow  

АгроЭкологияАгроЭкология  EkaterinburgEkaterinburg  

ЭкойлЭкойл      TomskTomsk  

ЭкосорбЭкосорб    KrasnoiarskKrasnoiarsk  

РосэкосистемаРосэкосистема  NijnevartovskNijnevartovsk  

МорстройМорстрой    SaintSaint--PetersburgPetersburg, , httphttp://://wwwwww..morstroymorstroy..comcom  

ПриродаПрирода--ПермьПермь  PermPerm  

ТехноспасТехноспас    MoscowMoscow, , httphttp://://wwwwww..tekhnospastekhnospas..ruru  



    

DendrogramDendrogram of Oil of Oil--degrading Strainsdegrading Strains  
Based on Their Catabolic and Based on Their Catabolic and 

Physiological PropertiesPhysiological Properties  



    

PGPR 
Plant Growth-Promoting  

Rhizobacteria 

Plant Pathogens 

Root exudates 

Phytohormones 

Plant systemic 
 response 

Antibiotics, 
Siderophores, 

HCN  

toxins 

PlantPlant--Microbial Interactions in RhizosphereMicrobial Interactions in Rhizosphere  



    

Examples of the increasing productivity after the treatment with Pseudobacterin-2 

Centner (100 kg/hectare): 
Cereals                                                   22--1515  

   Grapes                                                                               2020--3737  
Vegetables         30    30--200200  

  
PSEUDOBACTERINPSEUDOBACTERIN®®--22  

  
Microbial Plant Protecting Microbial Plant Protecting BoiopreparationBoiopreparation  is Based on Living Cells  is Based on Living Cells 

of the  of the  Pseudomonas aureofaciensPseudomonas aureofaciens     
  

  Control                             Pseudobacterin- 2 

The effect of preparation  Pseudobacterin-2 on the 
growth and development of root system of winter whe at 

  

The authorThe author: : Institute of Biochemistry and Physiology of Microorganisms RussInstitute of Biochemistry and Physiology of Microorganisms Russian Academy of Sciencesian Academy of Sciences  

  

• -  produces phenazine compounds 
suppressing the growth of soil borne 
plant pathogenes; 
• -  is highly efficient against many plant 
diseases; 
• -  has a plant growth promoting 
activity; 
• -  up-grades agricultural products; 
• -  is combined with other pesticides; 
• -  ecologically safe, harmless for 
people, animals, birds and insects 
 

  PseudobacterinPseudobacterin®®--22  



    

Wild type rhizosphere strains Wild type rhizosphere strains 

combining both degradative abilities combining both degradative abilities 

and plant growth promoting propertiesand plant growth promoting properties  
((PCR analysisPCR analysis))  

Strains harboring both phenazine antibiotic synthesis and polycyclic aromatic 
hydrocarbons degrading systems 
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Examples of plasmids encoding the Examples of plasmids encoding the 
degradation of organic compoundsdegradation of organic compounds    

  

– 80 Dibenzothiophene pDBT2 Pseudomonas alcaligenes DBT2 
– – Nicotine, Nicotinate NIC  Pseudomonas convexa Pcl 

Heterocyclic compounds: 
– 80 PCBs pKF1 Arthrobacter sp. 

P1 53 PCBs pSS50 Alcaligenes sp. A5 
– 200 Biphenyl pWW100 Pseudomonas sp. CB406 

P9 83 Naphthalene, Phenanthrene, 
Anthracene 

NAH7 P.putida PpG7 
Polyaromatic compounds: 

– 130 p-Toluenesulfonic Acid pBS1010 Comamonas testosteroni BS1310 
P1 75 2,4-D, 3CBA pJP4 Ralstonia eutropha JMP134 
P1 117 3CBA pAC25 P. putida AC858 
– 75 Cinnamic acid pCINNP P. putida CINNP 

P2 – Phenol pVI150 Pseudomonas sp CF600 
– 500 3,5-xylenol pRA500 P. putida NCIB9869 
– 105 Isopropyl benzene pRE4 P. putida RE204 
– 37 Styrene pEG P. putida ST 
– 100 Anililine  pCIT1  Pseudomonas sp. CIT1 
– 200 Benzene pWW174 Acinetobacter calcoaceticus RJE74 

P9 115 Xylene,Toluene TOL  P. putida PaW1 
P2 500 Camphor CAM  P. putida PpG1 
P9 85 Salicylate SAL1 P. putida R1 

Monoaromatic compounds: 

– 75 Acyclic isoprenoid (citronellol, 
geraniol) 

pSRQ Pseudomonas putida PPU2 
P2 500 Octane, decane OCT Pseudomonas oleovorans PpG6 

Aliphatic compounds: 
Inc-group Size (kb) Substrates Plasmid Strain 



    

�� The existing data demonstrate widespread The existing data demonstrate widespread 

occurrence of biodegradation plasmids occurrence of biodegradation plasmids 

throughout the bacteriathroughout the bacteria. . We found PAH We found PAH 

degradation plasmids in almost degradation plasmids in almost 9090% % bacterial bacterial 

strainsstrains, , able of PAHable of PAH--destructiondestruction, , including including 

rhizosphere isolatesrhizosphere isolates. . In contaminated soilIn contaminated soil, , the the 

rhizosphere communities undergo shifts to more rhizosphere communities undergo shifts to more 

abundance of microorganisms resistant to abundance of microorganisms resistant to 

contaminants and able to degrade certain contaminants and able to degrade certain 

xenobioticsxenobiotics. . We isolated strains carrying We isolated strains carrying 

biodegradation plasmids from the rhizosphere of biodegradation plasmids from the rhizosphere of 

cereals growing in oilcereals growing in oil--contaminated regionscontaminated regions..  



    

Plasmids Encoding the Degradation of NaphthalenePlasmids Encoding the Degradation of Naphthalene  

Plasmid 

 
Properties 

 
Incompatibility group  Transfer to P.putida frequency Size (kb) 

 NPL-1 

 
Nah+ 

 
IncP-9β 10-3 

 
100 

 pBS2 

 
Nah+Sal+ 

 
IncP-7/9β 

 
10-4 

 
130 

 pBS101 

 
Nah+Sal+ 

 
IncP-7 

 
10-3 

 
50 

 pBS240 

 
Nah+Sal+ 

 
IncP-9β 
 
 

10-4 160 

 pBS216 

 
Nah+Sal+ 

 
IncP-9δ 

 
10-3 

 
85 

 pOV17 

 
Nah+Sal+ 

 
IncP-9δ 

 
10-4 

 
85 

 pBS243 

 
Nah+Sal+ 

 
IncP-7/9β 
 

 

10-4 

 
160 

 pBS213 

 
Nah+Sal+ 

 
IncP-7 

 
10-4 

 
150 

 pBS218 

 
Nah+Sal+ 

 
IncP-7(2) 

 
10-4 

 
160 

 pBS219 

 
Nah+Sal+ 

 
IncP-7(2) 

 
10-4 

 
180 

 pBS215 

 
Nah+Sal+ 

 
IncP-? Not P-2, 7, 9 

 
10-5 

 
150 

 pBS242 

 
Nah+Sal+ 

 
IncP-? Not P-2, 7, 9 

 
10-5 

 
150 

 pBS1191 

 
Nah+ 

 
IncP-9β 
 

 

10-7 

 
100 

 pBS1141 

 
Nah+ 

 
IncP-9β 
 

 

10-4 

 
100 

 pBS1181 

 
Nah+Sal+ 

 
IncP-9β 

 
10-6 

 
110 

 pHK43 

 
Nah+Sal+ 

 
IncP-7 

 
ND*  

 
100 

 pHK72 

 
Nah+Sal+ 

 
IncP-9β 
 

 

ND 

 
85 

 p8C 

 
Nah+Sal+ 

 
IncP-9β 
 

 

ND 

 
120 

 p15C 

 
Nah+Sal+ 

 
IncP-9β 
 

 

ND 

 
120 

 p24C 

 
Nah+Sal+ 

 
IncP-9β 
 

 

ND 

 
120 

 p25C 

 
Nah+Sal+ 

 
IncP-9β 
 

 

ND 

 
120 

 ND – not determined.  



    

Specific Growth Rates of Plasmid Bearing Specific Growth Rates of Plasmid Bearing 
Bacterial Strains in Batch Culture on NaphthaleneBacterial Strains in Batch Culture on Naphthalene  
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EffectEffect  ofof degradative  degradative plasmidsplasmids  onon  interactioninteraction  ofof  PGPPGPRR  
strainsstrains  andand  mustardmustard  plantsplants ( (Brassica juncea LBrassica juncea L.) .) underunder  

gnotobiotic gnotobiotic conditionsconditions  inin  sandsand  supplementedsupplemented  withwith  
naphthalenenaphthalene ( (11gg//kgkg))..  

  TreatmentTreatment  ofof  seedlingsseedlings  withwith   plasmidplasmid--bearingbearing rhizobacteria  rhizobacteria ledled  toto a  a 
protectiveprotective  effecteffect  fromfrom   naphthalenenaphthalene. .   

  TheThe  exceptionexception  waswas  thethe  seedlingsseedlings  treatedtreated  withwith   PP. . putida putida 5353aa((pBSpBS216216).).  

  InIn   thisthis  casecase  nono  seedseed  germinationgermination  waswas  observedobserved  



    

Use of Plants and PGPR for Use of Plants and PGPR for 
Phytoremediation of coPhytoremediation of co--contaminated soilscontaminated soils  

 

  

    Construction of plasmid-
bearing PGPR Pseudomonas 

   Inoculation of seeds 

 

     Stimulation of plant growth and 

protection against phytopathogenic fungi 

Heavy metal/arsenic 

      resistance 
PAH degradation 



    

The construction of multifunctional PGPR The construction of multifunctional PGPR 
PseudomonasPseudomonas         

PGPR 
Nah+

Pseudomonas
           

         The plasmid
of As/Co/Ni resistance

Transformation

PGPR 
Nah+ , / Ni

Pseudomonas
   A Co/s R



    

The naphthalene degradation by multifunctional The naphthalene degradation by multifunctional   
PP. . chlororaphischlororaphis  strain PCL strain PCL 1391 1391 ((right columnsright columns ) ) under under 
cultivation on naphthalene and cultivation on naphthalene and naphthalenenaphthalene ++nickelnickel   

((100 100 mkMmkM ))  
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Effect of PGPR Effect of PGPR Pseudomonas Pseudomonas strains on growth ofstrains on growth of  
 sorghum plants on soil  sorghum plants on soil coco--contaminated with contaminated with PAHsPAHs  

 ( (11gg//kg naphthalenekg naphthalene+0,2+0,2gg//kg phenanthrenekg phenanthrene))  
 and nickel  and nickel ((400400mgmg//kgkg))  

1 – no bacteria, PAHs+Ni; 2 – no bacteria, clean soil; 
3 – PCL1391(pBS216), clean soil; 4 - PCL1391(pBS216,pBS501), clean soil; 
5 - PCL1391(pBS216), PAHs+Ni; 6 - PCL1391(pBS216,pBS501), PAHs+Ni 
 

1 2 3 4 5 6 



    

Specific activities of the key enzymesSpecific activities of the key enzymes  
of of naphthalene degradation naphthalene degradation ((cultivation on medium cultivation on medium 

with naphthalene and arsenicwith naphthalene and arsenic))  

00  00  00  00  0,60,6  

00  00  00  00  0,30,3  CC2323OO  

33..55  11..1515  33..11  11..11  0,60,6  

1313..88  2828..44  55..66  11..66  0,30,3  CC1212OO  

1,51,5  11..22  00  00  0,60,6  

1515  1166..44  44..11  88..55  0,30,3  SHSH  

55..77  33..11  00  00  0,60,6  

1111..22  66..22  1212..11  88..55  0,30,3  NONO  

PCLPCL13911391  

((pBSpBS216216, , 
arsRBCarsRBC))  

BSBS13931393  

((pBSpBS216216, , 
arsRBCarsRBC))  

PCLPCL13911391  

((pBSpBS216216))  

BSBS13931393  

((pBSpBS216216))  

Specific activitySpecific activity, , n moln mol//minmin** 1 1mgmg  of proteinof protein  ODOD  EnzymeEnzyme  



    

Effect of PGPR Effect of PGPR Pseudomonas Pseudomonas strains on growth of sorghum strains on growth of sorghum 
plant on soilplant on soil  coco--contaminated with contaminated with PAHsPAHs ( (11gg//kg kg 

naphthalenenaphthalene++00,,22gg//kg phenanthrenekg phenanthrene) ) and arsenic and arsenic ((5050mgmg//kgkg))  

Control
 

  
( + )
Control
PAHs As

         + +
)

PAHs As
PCL1391(2 plasmins

         + +
)

PAHs As
BS1393(2 plasmids

          +
+ )

PAHs As
PCL1391(pBS216

        +
)

PAHs As
BS1393(pBS216

1 – no bacteria, clean soil; 2 – no bacteria,  PAHs+As; 
3 – PCL1391(pBS216 ,pUCP22::arsRBC), PAHs+As; 
4 - PCL1391(pBS216), PAHs+As; 
5 – BS1393(pBS216,pUCP22::arsRBC), PAHs+As; 
6 – BS1393(pBS216), PAHs+As 

1 2 3 4 5 6 



    

The presence of plasmids didnThe presence of plasmids didn’’t affect ont affect on  
  biocontrolbiocontrol properties of multifunctional strains properties of multifunctional strains  

�� Suppression Suppression in vitroin vitro of the phytopathogenic fungus  of the phytopathogenic fungus RhizoctoniaRhizoctonia  solanisolani    by by 
the various PGPR the various PGPR PseudomonasPseudomonas strains strains  

�� LeftLeft--  the culture medium without arsenicthe culture medium without arsenic;;  
�� Right Right –– the concentration of arsenic  the concentration of arsenic 500 500 mkgmkg//mlml  

P. aureofaciens

      Bs1393

        

BS1391(pUCP22:: RBC)

P. chlororaphis

ars

P. chlororaphis

     BS 1391

          

SPB1217(pUCP22:: RBC)

P. fluorescens

ars

P. fluorescens

    SPB1217

       

BS1393

 P. aureofaciens

(pUCP22:: Rars BC)

Rhizoctonia

P. aureofaciens

      Bs1393

        

BS1391(pUCP22:: RBC)

P. chlororaphis

ars

P. chlororaphis

     BS 1391

          

SPB1217(pUCP22:: RBC)

P. fluorescens
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P. fluorescens

    SPB1217

       

BS1393

 P. aureofaciens

(pUCP22:: Rars BC)
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FIELD TESTS ON OPTIMIZATION OF PHYTOREMEDIATION 
 IN SOUTHERN RUSSIA (Abinskaya site, April 2005 – May 2007)  

 
Krasnodar Forestry Enterprise; 
Institute of Biochemistry and Physiology of Microorganisms RAS, Pushchino 



    

�� The possibility to use the stable isotope The possibility to use the stable isotope 
techniques  to estimate  the effect of crude techniques  to estimate  the effect of crude 
oil pollution on soil organic matter oil pollution on soil organic matter 
degradation was studieddegradation was studied. .   

  



    

            Respiration rate after crude oil addition of Respiration rate after crude oil addition of 3.83.8 %  % total  dry  soil total  dry  soil ((TDSTDS) ) 
to an agricultural soilto an agricultural soil  
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The average respiration rates of COThe average respiration rates of CO22  and total Cand total C--COCO22  
production in control and after crude oil addition production in control and after crude oil addition 

((experimentexperiment) ) during during 47 47 days of expositiondays of exposition..  

**Total production Total production = = Rate of CORate of CO22  x Time x Time   

  

Control               Control               0.2280.228                                                            25.7225.72  
Experiment        Experiment        11..480                             166480                             166..9494  

                                            Rate of CORate of CO 22                 *                 *Total productionTotal production   
                                                µµg Cg C--COCO22  gg--11TDS hTDS h--11                        mg Cmg C--COCO22    

 



    

�� The The δδ1313C values which relates C values which relates 1313CC//1212C isotope ratios in the metabolic C isotope ratios in the metabolic 
COCO22  samplessamples: (: (11) ) controlcontrol; ; ((22)  )  after crude oil addition to the agricultural after crude oil addition to the agricultural 
soilsoil  
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The average carbon isotopic characteristic The average carbon isotopic characteristic ((δδ1313CC) ) of COof CO22  
produced during soil organic matter produced during soil organic matter ((SOMSOM) ) mineralization by  soil mineralization by  soil 
microbiota and priming effect microbiota and priming effect ((PEPE) ) in control and after crude oil in control and after crude oil 
addition addition ((experimentexperiment) ) during during 47 47 days of expositiondays of exposition..  

�� δδ1313CCavav= (= (∑∑qiqi,,··δδ1313Ci Ci )/)/∑∑qiqi, , %%oo  

�� **FFSOMSOM= = 100 100 ((δδ1313CCexpexp   --  δδ1313CCoiloil )/()/(δδ1313CCSOMSOM    --  δδ1313CCoiloil )  )    

�� **[**[COCO22]]SOMSOM  =[=[COCO22]]totaltotal  x  x FFSOMSOM    

�� ******PEPE==100100 x  x ( [( [COCO22]]SOMSOM  -- [ [COCO22]]controlcontrol   )/ [)/ [COCO22]]controlcontrol   , , %%  
  

  

Control             Control             --23.723.7                                      100100                        25.7225.72                                  00  
Experiment      Experiment      --2626..59                 3859                 38..5            645            64..30                15030                150..00  

                                                              δδ1313CCavav,              ,              **F          F          **[**[COCO22]]SOMSOM                *** *** PEPE, ,   
                                %                                %oo                                   %         %         mg Cmg C--COCO22                                                %%  
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Native soil Soil with oil pollution

�� Quantities of microbial COQuantities of microbial CO2 2 emission from arable soil with and without the emission from arable soil with and without the 

crude oil pollution determined by isotopic ratio mass spectrometcrude oil pollution determined by isotopic ratio mass spectrometry (IRMS)ry (IRMS)



    

�� The total COThe total CO 22  emission from oilemission from oil --
containing soil samples to atmosphere containing soil samples to atmosphere 
during during 4747 days of observation was  days of observation was 6.86.8--
fold more then from native soilfold more then from native soil . .   

�� At the same timeAt the same time , , the amount of the amount of 
metabolic COmetabolic CO 22   produced due to soil  produced due to soil 
organic matter mineralization was about organic matter mineralization was about 
38 38 % % of the total COof the total CO 22  flow and that due to flow and that due to 
utilization of oil hydrocarbons reached utilization of oil hydrocarbons reached 
62 62 %.%.    



    

  
CONCLUSIONSCONCLUSIONS  

  �� The introduction of both The introduction of both degradativedegradative plasmids and  plasmids and 
plasmids of resistance to toxic compounds into PGPR plasmids of resistance to toxic compounds into PGPR 
PseudomonasPseudomonas conferred them the ability to degrade  conferred them the ability to degrade 
PAH in the presence of these compoundsPAH in the presence of these compounds..  

  

�� The model experiments on the soils coThe model experiments on the soils co--contaminated by contaminated by 
PAH mixture PAH mixture ((naphthalene naphthalene --  11 g g//kg of soil and kg of soil and 
phenanthrene phenanthrene --  0.20.2 g g//kgkg)), , nickel nickel ((400400 mg mg//kgkg) ) and arsenic and arsenic 
((5050 mg mg//kgkg) ) have demonstrated that some plasmid have demonstrated that some plasmid 
bearing PGPR strains protected plants both from the bearing PGPR strains protected plants both from the 
soilsoil--borne plant pathogens and from the toxic borne plant pathogens and from the toxic 
compounds very efficientlycompounds very efficiently..  

  

�� Combination of degradative potential of plant growthCombination of degradative potential of plant growth--
promoting rhizobacteria with plants for promoting rhizobacteria with plants for 
phytoremediation demonstrated the effectiveness of phytoremediation demonstrated the effectiveness of 
this approachthis approach..  

  

�� The multifold increase of production of carbon dioxideThe multifold increase of production of carbon dioxide, , 
which is released to atmosphere is a result of microbial which is released to atmosphere is a result of microbial 
processes in oilprocesses in oil--polluted soilpolluted soil..  
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Diversity of Microorganisms from Oil SlimesDiversity of Microorganisms from Oil Slimes  
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